(12) Japanese Patent Laid-Open Publication (A) 

(11) Japanese Patent Laid-Open Publication Number : 2004-42396 

(P2004-42396A) 

(43) Laid-Open Date: February 12, 2004 (2004.2.12) 

(21) Application Number: 2002-201874 (P2002-201874 ) 

(22) Application Date: July 10, 2002 (2002.7.10) 

(71) Applicant: Canon Inc. (000001007) 

(72) Inventor: Nobuyuki Kaneda, et al . 

(54) [Title of the Invention] Hyperfine Structure manufacturing 
Method, Liquid Discharge Head Manufacturing Method and Liquid 
Discharge Head 

(57) [Abstract] 

[Obj ect ] To provide a liquid discharge head which is available 
at a low cost and has precision and high reliability and a 
liquid discharge head manufacturing method. 
[Solution] A positive photosensitive material layer is formed 
on a substrate by thermally bridging methacrylate ester, 
methacrylic acid (2% to 20% by weight) and copolymer (molecular 
weight is 5000 to 50000) , a liquid flow path pattern is formed 
by exposure, after coating a negative type coating resin layer 
with which a model pattern is coated and hardening the resin 
layer, further the positive photosensitive material layer is 
irradiated with ionizing radiated rays and is thus decomposed, 
and a liquid flow path is formed by dissolving and thus removing 
the model pattern. 
[Selected Drawing] FIG. 1 



[Scope of Claims] 
[Claim 1] 

A hyperfine cavity structure manufacturing method 
comprising: forming, on a substrate, a positive photosensitive 
material layer which is thermally bridged by utilizing thermal 
bridge reaction; forming a model pattern by irradiating said 
positive photosensitive material layer with ionizing radiated 
rays and subsequently conducting development thereof ; coating 
and hardening a negative type photosensitive material 
(coating resin material) layer of which a main photosensitive 
waveband is not overlapped with a photosensitive waveband 
of said positive type photosensitive material so as to cover 
said positive type photosensitive material layer formed with 
said model pattern; thereafter removing said positive type 
photosensitive material layer by dissolving said positive 
type photosensitive material layer; and thus forming a liquid 
flow path, wherein said positive type. photosensitive material 
layer is an ionizing radiated ray decomposing type positive 
resist containing methacrylate ester as a main component and 
a methacryl-series copolymer composition containing 
methacrylic acid as a thermal bridging factor; said 
methacryl-series copolymer contains the methacrylic acid at a 
ratio of 2 to 30 % by weight; a molecular weight of said 
methacryl-series copolymer is on the order of 5000 to 50000; 
and said negative type coating resinmaterial is a photosensitive 
material containing an epoxy resin as a main component. 
[Claim 2] 

A hyperfine cavity structure manufacturing method according 
to claim 1, wherein the photosensitive waveband of said positive 
type photosensitive material is a band of 200nm to 280nm, 
and the photosensitive waveband of a second negative type 
photosensitive material is a band of 290nm to 400nm. 
[Claim 3] 

A liquid discharge head manufacturing method comprising: 
forming a model pattern with a removable resin on a liquid 
flow path forming portion on a substrate formed with a liquid 
discharge energy generating element; coating and hardening 
a coating resin layer on said substrate so as to cover said 
model pattern; thereafter removing said model pattern by its 
being dissolved; and thus forming a liquid flow path, wherein 
said model pattern is formed on said substrate in such a way 
that a positive type photosensitive material layer is formed 
by thermal-bridging a methacryl-series copolymer composition 
containing methacrylate ester as a main component and 
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methacrylic acid at a ratio of 2 to 30 % by weight as a thermal 
bridging factor and having a molecular weight that is on the 
order of 5000 to 50000; said positive type photosensitive 
material layer is irradiated with ionizing radiated rays and 
is thus formed so as to be remain on a portion corresponding 
to a liquid flow path by decomposing the irradiated area and 
thereafter developing the decomposed irradiated area; a negative 
type photosensitive material (coating resin material) layer 
is coated over said positive type photosensitive material 
layer formed with said model pattern; after exposing the area 
excluding a portion corresponding to a discharge port 
communicating with said liquid flow path, said exposed area 
is developedto thereby form said discharge port ; saidpositive 
type photosensitive material layer is decomposed by its being 
irradiated with the ionizing radiated rays via said coating 
resin film; said obtained substrate is dipped in an organic 
solvent; and said decomposed positive type photosensitive 
material layer is removed by its being dissolved. 
[Claim 4] 

A liquid discharge head manufactured by said liquid 
discharge head manufacturing method according to claim 3. 
[Detailed Description of the Invention] 
[0 001] 

[Technical Field of the Invention] 

The present invention relates to a liquid jet recording head 
for generating recording liquid droplets, which is used for an 
inkjet recording method, and to a liquid jet recording head 
manufacturing method. Particularly, the present invention 
relates to a manufacturing method of generating an ink flow path 
configuration and producing the liquid discharge head, which 
are capable of discharging minute liquid droplets enabling 
a high : image quality to be attained and realizing high-speed 
recording. 

[0002] 

Further, present invention relates to an inkjet head with 
its ink discharge characteristic being improved, which is 
manufactured based on the inkjet head manufacturing method. 
[0003] 

[Description of the Prior Art] 

A liquid discharge head applied to the inkjet recording 
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method (liquid discharge recording method) of recording by 
discharging a recording liquid such as an ink, generally includes 
a liquid flow path, a liquid discharge energy generating portion 
provided in a part of the liquid flow path, and a hyperfine 
recording liquid discharge port (which will hereinafter be 
called an [orifice] ) for discharging the liquid in the liquid 
flow path by thermal energy of the liquid discharge energy 
generating portion. A conventional method of manufacturing 
the liquid discharge recording head can be exemplified by: 
a method of forming a through-hole for supplying the ink in 
an element substrate formed with heaters for generating the 
thermal energy for discharging the liquid and driver circuits 
for driving these heaters, thereafter forming a pattern 
becoming a wall of the ink flow path with a photosensitive 
negative resist, and bonding a plate formed with the ink 
discharge port thereto by an electrof orming method and an 
excimer laser working method, thus manufacturing recording 
head (e.g., USP6179413 etc); and a method of preparing the 
element substrate formed in the same way as the manufacturing 
method described above, working the ink flow path and the 
ink discharge port on a resin film (normally polyimide is 
preferably used) coated with a bonding agent by the excimer 
laser, subsequently bonding the worked liquid flow path 
structure plate to the element substrate by applying a thermal 
pressure thereto (e.g., USP6158843 etc). 
[0004] 

In the inkjet head based on the manufacturing method 
described above, a distance between the heater and the 
discharge port, which exerts influence on a discharge quantity, 
must be reduced to the greatest possible degree in order to 
enable the minute liquid droplets for a high image quality 
record to be discharged. It is also necessary for attaining 
this to decrease a height of the ink flow path and reduce 
a size of a discharge chamber serving as a part of the ink 
flow path and as an air-bubbles generating chamber abutting 
on the liquid discharge energy generating portion and a size 
of the discharge port. 
[0005] 

Namely, the liquid flow path structure stacked on the 
substrate is required to be thinned for enabling the head 
based on the manufacturing method described above to discharge 
the minute liquid droplets. It is, however, quite difficult 
to work the thin liquid flow path structure plate with high 
accuracy and bond this plate to the substrate. 
[0006] 

An inkjet head manufacturing method (which will 
hereinafter be also referred to simply as a [casting method] ) 
known as a method which solves the problems inherent in these 
manufacturing methods, involves patterning a model of the 
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ink flow path by use of a photosensitive material on the 
substrate formed with the liquid discharge energy generating 
element, subsequently coating and thus forming a coating resin 
layer on the substrate so as to cover the model pattern, and, 
after forming the ink discharge port communicating with the 
model of the ink flow path in the coating resin layer, removing 
the photosensitive material used for the model (Japanese 
Examined Patent Publication No . H06-45242 ) . 
[0007] 

This head manufacturing method uses, as the photosensitive 
material, a positive resist in terms of facility of removal. 
Further, according to this manufacturing method, a 
photolithographic technique of a semiconductor is applied, 
and hence the highly fine work for forming the ink flow path, 
the discharge port, etc can be done with the high accuracy. 
[0008] 

After forming the fluid path with the positive resist, 
however, the flow path is coated with the negative type coating 
resin, and the discharge port is thus formed. Therefore, 
in the case of irradiating the light corresponding to a 
photosensitive waveband of the negative type coating resin, 
it follows that the pattern formed by use of the positive 
resist is also irradiated with the light of this waveband. 
Consequently, the irradiation light over the negative type 
coating, resin impinges on also the pattern formed of the 
positive resist material, and decomposition reaction of the 
material is accelerated, resulting in a possibility of causing 
inconvenience . 
[0009] 

Note that the problems can be solved to some extent by 
employing a resin having a structure, of which the 
photosensitive waveband not overlapped with the waveband of 
the negative type coating resin, capable of inter-molecules 
bridging (Japanese Patent Laid-Open Publication No. 
H08-823985) . In terms of a yield of the production and 
stability of a production steps, however, an improvement for 
the highly efficient manufacture is desired. 
[0010] 

[Problems to be solved by the Invention] 

Such being the case, the present inventors found out that 
it is possible to provide the liquid discharge head exhibiting 
the high production stability by using, as the flow path forming 
member, the positive resist sensitive to the ionizing radiated 
rays of only the waveband not overlapped with the absorption 
waveband in a way that makes an in-depth grasp of the absorption 
waveband of the negative type coating resin forming an orifice 
plate member as well as a nozzle constructive member and also 
makes the in-depth grasp of the waveband of the irradiating 
light in order to form the discharge port etc after coating 
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and hardening the negative type coating resin. 
[0011] 

It is an object of the present invention, which was devised ■ 
in view of a variety of points described above, to provide 
a liquid discharge head that is available at a low cost and 
has precision and high reliability and a liquid discharge 
head manufacturing method. 
[0012] 

It is another object of the present invention to provide 
a noble liquid discharge head manufacturing method capable 
of manufacturing the liquid discharge head having a 
configuration of finely precisely working a liquid flow path 
with high accuracy and a high yield. 
[0013] 

It is still another object of the present invention to 
provide a noble liquid discharge head manufacturing method 
capable of manufacturing the liquid discharge head that has 
less of mutual influence on a recording liquid and is excellent 
in terms of mechanical strength and chemical resistance. 
[0014] 

[Means for solving the Problems] 

To accomplish the objects described above, the present 
invention is characterized by, to begin with, realizing a 
manufacturing technique of forming the liquid flow path with 
the high accuracy and, subsequently, finding out a preferable 
configuration of the liquid flow path that can be realized 
by the manufacturing method. 

[0015] 

Namely, a first invention proposes a hyperfine cavity 
structure manufacturing method comprising: forming, on a 
substrate, a positive photosensitive material layer which is 
thermallybridgedbyutilizing thermal bridge reaction; f orming 
a model pattern by irradiating the positive photosensitive 
material layer with ionizing radiated rays and subsequently 
conducting development thereof; coating and hardening a 
negative type photosensitive material (coating resin 
material) layer of which a main photosensitive waveband is 
not overlapped with a photosensitive waveband of the positive 
type photosensitive material so as to cover the positive type 
photosensitive material layer formed with the model pattern; 
thereafter removing the positive type photosensitive material 
layer by dissolving the positive type photosensitive material 
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layer; and thus forming a liquid f lowpath, wherein the positive 
type photosensitive material layer is an ionizing radiated 
ray decomposing type positive resist containing methacrylate 
ester as a main component and a methacryl-series copolymer 
composition containing methacrylic acid as a thermal bridging 
factor; the methacryl-series copolymer contains the methacrylic 
acid at a ratio of 2 to 30 % by weight; a molecular weight of 
the methacryl-series copolymer is on the order of 5000 to 50000; 
and the negative type coating resin material is a photosensitive 
material containing an epoxy resin as a main component. 
[0016] 

A second invention provides a liquid discharge head 
manufacturing method comprising : forming a model pattern with 
a removable resin on a liquid flow path forming portion on 
a substrate formed with a liquid discharge energy generating 
element; coating and hardening a coating resin layer on the 
substrate so as to cover themodel pattern; thereafter removing 
the model pattern by its being dissolved; and thus forming 
a liquid flow path, wherein the model pattern is formed on 
the substrate in such a way that a positive type photosensitive 
material layer is formed by thermal-bridging a 
methacryl-series copolymer composition containing 
methacrylate ester as a main component and methacrylic acid 
at a ratio of 2 to 30 % by weight as a thermal bridging factor 
and having a molecular weight that is on the order of 5000 
to 50000; the positive type photosensitive material layer is 
irradiated with ionizing radiated rays and is thus formed so 
as to be remain on a portion corresponding to a liquid flow path 
by decomposing the irradiated area and thereafter developing 
the decomposed irradiated area; a negative type photosensitive 
material (coating resin material) layer is coated over the 
positive type photosensitive material layer formed with the 
model pattern; after exposing the area excluding a portion 
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corresponding to a discharge port communicating with the 
liquid flow path, the exposed area is developed to thereby 
form the discharge port; the positive type photosensitive 
material layer is decomposed by its being irradiated with 
the ionizing radiated rays via the coating resin film; the 
obtained substrate is dipped in an organic solvent; and the 
decomposed positive type photosensitive material layer is 
removed by its being dissolved. 
[0017] 

Further, the present invention includes a liquid discharge 
head manufactured by the liquid discharge head manufacturing 
method described above. 
[0018] 

It is preferable that the liquid discharge head based on 
the manufacturing method of the present invention is composed 
of such a material that the liquid flow path is constructed 
of a columnar member for capturing dusts . It should be noted 
that the columnar member for capturing the dusts does not, 
it is preferable, reach the substrate surface. 
[0019] 

Next, an in-depth description of the present invention 
will be made. 
[0020] 

The manufacture of the liquid discharge head according 
to the present invention has advantages such as its being 
capable of extremely easily realizing the setting of a distance 
between a discharge energy generating element (e.g., a heater) 
and an orifice (a discharge port) and setting of positional 
accuracy between the element and a center of the orifice, 
which are generically one of the most important factors 
affecting a characteristic of the liquid discharge head. 
[0021] 

Namely, according to the present invention, the distance 
between the discharge energy generating element and the 
orifice can be set by controlling a coating thickness of the 
photosensitive material layer coated twice, and coating 
thickness of the photosensitive material layer can be strictly 
controlled with high reducibility by a hitherto-utilized thin 
film coating technique. 
[0022] 

Furthermore, the discharge energy generating element and 
the orifice can be optically aligned by a photolithographic 
technology, which enables the alignment with remarkably 
higher accuracy than a conventional method of bonding a liquid 
fluid structure plate used so far for manufacturing the liquid 
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discharge head to the substrate. 
[0023] 

The most preferable thermal bridge type resist can be 
exemplified by polymethacrylate ester copolymerized with 
methacrylic acid as a bridging radical. 
[0024] 

Methacrylate ester used herein can be exemplified by methyl 
methacrylate, ethyl methacrylate, butyl methacrylate band 
phenyl methacrylate. 
[0025] 

It is preferable that a copolymerization ratio of the 
bridging components is optimized depending on a film thickness 
of the positive resist, however, 2 to 30 % by weight is desirable 
as an amount of copolymerization of methacrylic acid defined 
as a thermal bridging factor. More preferably, the amount of 
copolymerization is 2 to 10 % by weight. 
[0026] 

Methacrylate-series copolymer of methacrylate ester and 
methacrylic acid desirably has a molecular weight of 5000 to 
50000. When the molecular weight increases, solubility into 
a solvent in a solvent coating application decreases . Besides, 
even when dissolved, a viscosity of a solution itself becomes 
too high, resulting in a decline of uniformity of the film 
thickness in a coating step by a spin coating method . Further, 
if the molecular weight is large, decomposition efficiency with 
respect to ionizing radiated rays in a waveband of 210nm to 
330nm is deteriorated, and an extremely large amount of exposure 
for forming a desired pattern with a desired film thickness is 
needed . Besides , a developing property with respect to a liquid 
developer also declines, resulting in deterioration of accuracy 
of the pattern to be formed. If the molecular weight becomes 
too small, the solubility into the solvent abnormally rises, 
resulting in a remarkable decrease in viscosity of the solution, 
which disables the desired film thickness from being formed by 
the spin coating method. Such being the case, the 
methacrylate-series copolymer of methacrylate ester and 
methacrylic acid desirably has the molecular weight of 5000 
to 30000. 
[0027] 

It should be noted that the methacrylate-series copolymer 
ismanufacturedbydissolvingmethacrylate ester andmethacrylic 
acid into a polymerization solvent, e.g. , toluene and xylene, 
and heating these components normally at a temperature equal 
to or lower than a boiling point but equal to or higher than 
a room temperature of the polymerization solvent under 
existence of an azo-series polymerization catalyst or 
superoxide polymerization catalyst. It is to be noted that 
the methacrylate-series copolymer used in the present invention 
has a property of bridging when heated, and hence it is preferable 
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that the polymerization is carried out at 60°C to 80°C. 
[0028] 

A process flow of forming an ink flow path based on the 
manufacturing method of the present invention will be 
discussed . 
[0029] 

FIG. 1 shows the most preferable process flow to which 
a thermal bridge positive resist is applied as the positive 
resist . 
[0030] 

FIG. 1(a) illustrates that exothermic elements, 
transistors disposed for individually driving the exothermic 
elements and circuits for processing data signals are built 
up on a silicon substrate 31 , and these components are connected 
electrically via the wiring. 
[0031] 

In FIG. 1(b), a thermal bridge positive resist layer 32 is 
coated over the substrate 31 and is baked. The coating can 
involve applying a general-purpose solvent coating method such 
as a spin coating method and a bar coating method. Further, 
the baking is conducted at a baking temperature of preferably 
120 °C to 220 °C at which thermal bridge reaction occurs for 3 
minutes to 2 hours. Desirably, the baking temperature is 160°C 
to 200°C, and the baking time is preferably 30 minutes to one 
hour. 
[0032] 

Subsequently, as illustrated in FIG . 2, the positive resist 
is irradiated with the light of a wave range of 200 nm to 
3 0 0nm via an unillust rated mask by use of a shorter wavelength 
ultraviolet rays (which will hereinafter be referred to as 
Deep UV rays) irradiation apparatus. On this occasion, as 
shown in FIG. 3, an absorption wave range of the thermal bridge 
positive resist of the present invention is only 200nm to 
250nm, and hence decomposition reaction is accelerated by 
the wavelengths of this range (an energy distribution) . 
[0033] 

Subsequently, the positive resist layer is developed. It 
is preferable that the development involves using methyl 
isobutyl ketone serving as a liquid developer of this positive 
resist, however, any types of solvents , which dissolve an exposed 
portion of the positive resist but do not dissolve a 
not-yet-exposed portion, are usable. 
[0034] 

Subsequently, as illustrated in FIG. 1(c), a liquid flow 
path structure material 34 is coated so as to cover the thermal 
bridge positive resist layer. The coating can involve 
applying the solvent coating method such as the 
general-purpose spin coating method. At this time, the 
positive resist is not, because of its being a thermal bridging 
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film, dissolved in the coating solvent, and a mutually soluble 
layer is not formed. Further, after hardening the liquid 
flow path structure material, a water-repellent thin layer 
is formed as the necessity may arise. This water-repellent 
layer can be formed by a dry film method, the spin coating 
method and the bar coating method. Then, it is desirable 
that this water-repellent layer has a negative type of 
photosensitive characteristic. 
[0035] 

A step of irradiating the liquid flow path structure 
material with the light is shown, however, a photo mask is 
applied, which prevents a portion becoming the ink discharge 
port from being irradiated with the light. 
[0036] 

The liquid flow path structure material used herein is 
preferably a material composed mainly of an epoxy resin in 
a solid state at a normal temperature and onium salt which 
generates cation when irradiated with the light, and has the 
negative type of characteristic. It should be noted that 
the details thereof are written in Japanese Patent No. 3143307. 
[0037] 

To be specific, a cation polymerization hardening 
substance of the epoxy resin has a higher bridging density 

(high Tg) than that of normal type of acid anhydride or a 
hardening substance based on amine and therefore exhibits 
an excellent characteristic byway of the structural material . 
Further, the use of the epoxy resin in the solid state at- 
the normal temperature restrains polymerization initiating 
species generated by a cation polymerization initiator with 
the optical irradiation from diffusing into the epoxy resin, 
and enables the excellent patterning accuracy and shape to 
be acquired. 

[0038] 

The solid-state epoxy resin used in the present invention 
is exemplified by a reactant, of which a molecular weight 
is equal to or larger than about 900, in the reactants of 
bisphenol A and epichlorohydrin, a reactant of bromosphenol 
A and epichlorohydrin, a rectant of phenolic novolac or 
o-cresol novolac and epichlorohydrin and multi-sensitive 
epoxy resin having an oxy-cyclohexane skeleton that is 
disclosed in Japanese Patent Laid-Open Publication 
No . S60-161973, Japanese Patent Laid-Open Publication 
No . S63-221121, Japanese Patent Laid-Open Publication 
NO.S64-9216 and Japanese Patent Laid-Open Publication 
No .H02-140219, however, the present invention is not, as a 
matter of course, limited to these chemical compounds. 
[0039] 

Furthermore, in the epoxy resin used herein, an epoxy 
equivalent is preferably equal to or smaller than 2000 and 
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more preferably equal to or smaller than 1000 . This is because 
if the epoxy equivalent exceeds 2000, the bridging density 
decreases on the occasion of the hardening reaction, the 
hardening substance Tg decreases, or a thermal deformation 
temperature decrease, and problems arise in adhesion and an 
ink resistive property. 
[0040] 

The optical cation polymerization initiator for hardening 
the epoxy resin is exemplified by aromatic iodonium salt, 
aromatic sulfonium salt [refer to J. POLYMER SCI: Symposium 
No. 56383-395 (1976)] andSP-150, SP-170, etc put on the market 
by Asahi Denka Kogyo Co., Ltd. (Adeka Corp.). 
[0041] 

Additive agents can be properly added to the compositions 
according to the necessity. For example, a flexibilizer is 
added for the purpose of decreasing a modulus of elasticity 
of the epoxy resin, or a silane coupling agent is added for 
obtaining further adhesion to the substrate. 
[0042] 

Next, the photosensitive liquid flow path structure 
material 34 undergoes a pattern development of the ink 
discharge port. Any inconvenience may not be caused by 
applying any types of general-purpose exposure apparatuses 
to this pattern exposure, however, as illustrated in FIG. 
4, a desirable exposure apparatus is the apparatus which 
irradiates the wave range coincident with the absorption wave 
range of the negative type coating. resin defined as the liquid 
flow path structure material but not overlapped with the 
absorption wave range of the positive resist material. This 
phenomenon preferably takes place with the aromatic solvent 
such as xylene. Further, in the case of desiring to form 
the water-repellent film on the liquid flow path structure 
material layer, as discussed in Japanese Patent Laid-Open 
Publication No. 2000-326515, the photosensitive 
water-repellent material layer is formed, and the formation 
of the water-repellent film can be carried out by performing 
the exposure and the development batchwise. At this time, 
the photosensitive water-repellent material layer can be 
formed by a laminator. 
[0043] 

Subsequently, as shown in FIG . 1 (d) , after a single surface 
has been protected with the resin covering the surface formed 
with the discharge port etc, the ink supply port is formed 
from the side of the undersurface of the silicon substrate 
by an anisotropic etching method in a way that uses an alkali 
solution such as tetramethylammonium hydroxide (TMAH) . 
[0044] 

Next, as illustrated in FIG. 1(e), after dissolving and 
removing the coated resin for the protection, the positive 
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resist is decomposed into low molecules by irradiating 
batchwise the ionizing radiant rays of 300nm or under over 
the liguid flow path structure material layer. 
[0045] 

Finally, the liguid flow path including the discharge 
chamber is formed by removing the decomposed positive resist 
with the solvent. 
[0046] 

The liguid discharge head of the present invention can 
be formed by applying the steps described above. 
[0047] 

The manufacturing method according to the present 
invention is carried out by the solvent coating method such 
as the spin coating method used for the semiconductor 
manufacturing technology, and hence the ink flow path can 
be stably formed with the extremely high accuracy of its height . 
Moreover, the two-dimensional shape in the direction parallel 
to the substrate involves using the photolithographic 
technigue, whereby the precision on the order of submicron 
can be realized. 
[0048] 

[Embodiments of the Invention] 

The present invention will hereinafter be described in 
detail with reference to the drawings as the necessity may 
arise . 

[0049] 

.(First Embodiment) 

FIGS. 5 to 12 each illustrate a configuration of a liguid 
jet recording head according to the method of the present 
invention and one example of a manufacturing procedure thereof 
Note that the present example shows the liguid jet recording 
head having two orifices (discharge ports), however, it is 
needless to say that the same method (or configuration) is 
applied to the case of a high-density multi-array liguid jet 
recording head having the two or more orifices. 
[0050] 

To start with, in the first embodiment, for instance, as 
depicted in FIG . 5, a substrate 2 01 composed of glass , ceramics, 
plastic or ametal is used. Incidentally, FIG. 5 is a schematic 
perspective view of the substrate before forming the 
photosensitive material layer. 
[0051] 

The substrate 202 such as this, if capable of functioning 
as a part of a wall member of the liguid flow path and as 
s support member of the liguid flow path structure composed 
of a photosensitive material layer which will be described 
later on, can be employed without being limited to its shape, 
its material, etc. A desired number of liguid discharge 
energy generating elements 202 such as electrothermal 
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converting elements or piezoelectric elements are disposed 
on the substrate 201 (FIG. 5 exemplifies two pieces of elements 
202) . 
[0052] 

This type of liquid discharge energy generating elements 
202 apply the discharge energy for discharging the recording 
liquid droplets to the ink liquid, thereby performing the 
record. Incidentally, for example, when the electrothermal 
converting element is used as the liquid discharge energy 
generating element 202, this element heats up the vicinal 
recording liquid, thereby generating the discharge energy. 
Further, for instance, when the piezoelectric element is used, 
the discharge energy is generated by mechanical vibrations 
of this piezoelectric element. 
[0053] 

Note that control signal input electrodes (not shown) for 
operating the elements 202 are connected to these elements 
202. Further, generally, a variety of function layers such 
as protection layers are provided for the purpose of improving 
the durability of these liquid discharge energy generating 
elements 202, however, in the present invention, as a matter 
of course, any inconvenience may not be caused by providing 
this type of function layer. 
[0054] 

For the most general purpose, the silicon is applied to 
the substrate 201. Namely, drivers and logic circuits for 
controlling the liquid discharge energy generating elements 
are produced by the general-purpose semiconductor method, 
and hence it is preferable that the silicon is applied to 
the substrate. Moreover, the method of forming the 
through-hole for supplying the ink in the silicon substrate 
can involve applying technologies such as a YAG (Yttrium 
Aluminum Garnet) laser and a sand blasting technique. In 
the case of applying the thermal bridge positive resist as 
the lower layer material, however, a pre-bake temperature 
of the resist is extremely high and well over a glass transition 
temperature of the resin, resulting in sagging of the resin 
f ilminto the through-hole during pre-baking . It is therefore 
preferable that the through-hole is not formed when in the 
resist coating process. The anisotropic etching technique 
of the silicon based on the alkali solution can be applied 
as this type of method. In this case, it may be sufficient 
that a mask pattern is formed on the undersurface of the 
substrate by use of alkali-proof silicon nitride and that 
a membrane film serving as an etching stopper is formed on 
the surface of the substrate by using the same material. 
[0055] 

Subsequently, as illustrated in FIG. 6, a bridge type 
positive resist layer 203 is formed on the substrate 201 
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including the liquid discharge energy generating element 202 . 
The material thereof is a dual copolymer having a ratio 90:10 
of methyl methacrylate and methacrylic acid (abbreviated 
to (P (MMA-MAA) ) , in which a weight average molecular weight 
(Mw) is 33000, a mean molecular weight (Mn) is 14000, and 
a degree of dispersion (Mw/Mn) is 2.36. As shown in absorption 
spectrum (FIG. 3) of P (MMA-MAA) , with respect to this positive 
resist material, the optical absorption thereof exists in 
only 250nm or under, and therefore, even when irradiated with 
the light having the wavelength of 2 60nm or above , themolecules 
are not excited in the energy area in the material itself, 
with the result that the decomposition reaction is not 
accelerated. Namely, in this positive resist material, the 
decomposition reaction is accelerated only by the ionizing 
radiated rays of 250nm or under, and the pattern formation 
can be carried out in a subsequent developing step. 
[0056] 

The resin particles are dissolved in cyclohexanone with 
a solid matter concentration of approximately 30 wt% and used 
as a resist liquid. The viscosity of the coating solution 
at that time is 630cps. The resist liquid is coated over 
the substrate 201 by the spin coating method and, after being 
pre-baked at 120°C for 3 min, finally cured at 200°C for 60 
min, thus undergoing the thermal bridging. The thickness 
of the thus-formed film is 14um. 
[0057] 

Subsequently, as depicted in FIG. 7, the thermal bridge 
positive resist layer 2 03 is subjected to patterning (exposure, 
development) . The apparatus shown in FIG. 2 is employed as 
the exposure apparatus, and the exposure is performed in a 
waveband of 210nm to 330nm defined as a first waveband. An 
exposure quantity at that time is on the order of 60J/cm , 
and the development is conducted by use of methyl isobutyl 
ketone. As described above, the light of 260nm is irradiated 
but does not contribute to the decomposition reaction to the 
positive resist layer. Optimally, a cut-filter for cutting 
the light of 260nm or above may also be used. 
[0058] 

The exposure is carried out by exposing the thermal bridge 
positive resist to the ionizing radiated rays via the photo 
mask in which a want-to-remain pattern is depicted. Normally, 
"thinning" caused due to diffraction at the photo mask when 
irradiated is observed, and it is therefore necessary to use 
the photo mask taking account of influence of the diffraction . 
Incidentally, in the case of using the exposure apparatus 
including a projection optical system that is not affected 
by the diffracted light, a mask design taking account of 
"thinning" is not required. 
[0059] 
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Next, as illustrated in FIG. 8, a layer of a liquid flow 
path structure material 207 is formed so as to cover a lower 
thermal bridge positive resist layer 203 subjected to the 
patterning. A material of this layer is prepared by 
dissolving, into xylene of 50 parts , a epoxy resin (EHPE-3150) 
of 50 parts put on the market by Daicel Chemical Industries 
Ltd., an optical cation polymerization initiator (SP-172) 
1 part put on the market by Asahi Denka Kogyo Co., Ltd. and 
a silane coupling material (A-187) of 2.5 parts put on the 
market by Nippon Unicar Co., Ltd. 
[0060] 

The coating is performed by the spin coating method, and 
the pre-baking is carried out on a hot plate at 90°C for 3 
min . 
[0061] 

Subsequently, as shown in FIG. 9, the liquid flow path 
structure material 207 undergoes a pattern exposure for 
leaving the ink discharge port 209 in a not-yet-exposed state 
and undergoes the development. Any inconvenience may not 
be caused by applying any types of exposure apparatuses if 
capable of irradiating the general-purpose UV rays to this 
pattern exposure. If the waveband of the light to be 
irradiated is equal to or higher than 290nm and is a waveband 
to which the negative type coating resin described above has 
the sensitivity, however, there is no restraint in upper limit . 
[0062] 

The mask for preventing the portion becoming the ink 
discharge port from being irradiated with the light when in 
the exposure process. The exposure involves using a mask 
aligner MPA-600 Super made by Canon Inc. and is conducted 
at 500mJ/cm 2 . As illustrated in FIG . 4, the exposure apparatus 
irradiates the UV rays of the waveband of 290nm to 400nm, 
and it follows that the negative type coating resin has the 
photosensitive characteristic in this waveband. 
[0063] 

Then, in the case of using the exposure apparatus described 
above, as shown in FIG. 9, it follows that the pattern of 
the positive resist layer formed in FIG. 8 is also irradiated 
with the UV rays of the waveband of 290nm to 400nm via the 
negative type coating resin. Therefore, the thermal bridge 
positive resist material used in the present invention is 
sensitive to only the Deep UV rays of 250nm or under, and 
hence the decomposition reaction of the material is not 
accelerated in this step. 
[0064] 

Thereafter, as shown in FIG. 10, after forming the discharge 
port 209 while being dipped in xylene for 60 sec, one-hour 
baking is executed at 100°C, thus enhancing the adhesion of 
the liquid flow path structure material. 
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[0065] 

Thereafter, though not illustrated, cyclized isoprene 
(made by Tokyo Ohka Kogyo Co., Ltd., OBC) for protecting the 
material layer from the alkali solution is coated over the 
liquid flow path structure material. In the wake of this, 
the silicon substrate is dipped in the TMAH 22wt% solution 
at 83°C for 14.5 hours, thereby forming the through-hole 
(unillustrated) for supplying the ink. 
[0066] 

Moreover, the mask for forming the ink supply hole and 
the silicon nitride used as the membrane are previously subjected 
to the patterning on the silicon substrate. After the 
anisotropic etching, the silicon substrate is placed in the 
dry etching apparatus so that the undersurface thereof is 
directed upward, and the membrane film is removed by an etchant 
obtained by mixing 5% oxygen with CF 4 . Subsequently, the 
substrate is dipped in xylene, and the cyclized isoprene film 
is removed. 
[0067] 

Subsequently, as illustrated in FIG . 11, the entire surface 
of the liquid flow path structure material 207 is irradiated 
with the ionizing radiated rays 208 of the waveband of 210nm 
to 330nmby use of a low-pressure mercury lamp, thus decomposing 
the thermal bridge positive resist . The irradiation quantity 
is on the order of 81J/cm 2 . 
[0068] 

Thereafter, the substrate 201 is dipped in methyl lactate, 
and, as shown in the vertical sectional view in FIG. 12, the 
model resists are removed batchwise. A scheme at this time 
is that the elution time is reduced while being put into a 
megasonic tank of 200MHz . With this scheme, an ink flow path 
211 including the discharge chamber is formed, and an ink 
discharge element is prepared, which has a structure of leading 
the ink from the ink supply hole 210 to each discharge chamber 
via each ink flow path 211 and discharging the ink from the 
discharge port 209 by the heater. 
[0069] 

The thus-prepared discharge element is packaged into an 
inkjet head unit taking a mode shown in FIG. 13, in which the 
preferable image can be recorded after making evaluations 
about the discharge and the record. The mode of the inkjet 
head unit is, as depicted in FIG. 13, that a TAB film 214 
for transmitting and receiving the record signals to and from 
the body of the recording apparatus is provided on the external 
surface of the holding member which holds, e.g., an ink tank 
213 in an attachable/detachable manner, and an ink discharge 
element 212 is connected to the electric wiring via an electric 
connection lead 215 on the TAB film 214. 
[Effects of the Invention] 
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The present invention exhibits the effects of items listed 
below . 

1) The main steps for manufacturing the liquid discharge head 
are based on the photolithographic technique using the photo 
resist and the photosensitive dry film, and hence the minute 
portion of the liquid flow path structure of the liquid 
discharge head can be formed extremely easily with the desired 
pattern, and besides it is feasible to simultaneously work 
a multiplicity of liquid discharge heads having the same 
configuration . 

2) The liquid discharge head showing the high discharge speed 
and the extremely high precision of the point-of -impact can 
be manufactured, and therefore the record with the high image 
quality can be conducted. 

3) The liquid discharge head of the high-density multi-array 
nozzle is obtained by the simple means. 

4) The thermal bridge positive resist is applied, thereby 
enabling the step condition with the extremely high process 
margin to be set and the liquid discharge head to be 
manufactured with the high yield. 

[Brief Description of the Drawings] 

[FIG. 1] A process flowchart showing a liquid discharge head 
manufacturing method. 

[FIG. 2] A schematic diagram showing an example of n exposure 
apparatus . 

[FIG. 4] A diagram showing an absorption spectrum of 
methacryl-series copolymer. 

[FIG- 4] A diagram showing the spectrum of an irradiation 
wavelength of the exposure apparatus . 

[FIG. 5] A perspective view depicting a substrate used for 
manufacturing a liquid discharge head. 

[FIG. 6] A perspective view showing how a positive type 
photosensitive material layer used for forming a liquid flow 
path is formed on the substrate. 

[FIG. 7] A perspective view depicting a state of irradiating 
the positive type photosensitive material layer with ionizing 
radiated rays . 

[FIG. 8] A perspective view showing a state where a liquid 
flow path pattern is formed on the substrate. 
[FIG. 9] Aperspective view depicting a state where a negative 
type coating resin layer defined as a liquid flow path structure 
material is stacked on the liquid flow path pattern, and the 
negative type coating resin layer is irradiated with the 
ionizing radiated rays. 

[FIG. 10] A perspective view depicting a state where the 
negative type coating resin layer is sensitized to the light 
and thereafter developed, and a discharge port is thus formed. 

[FIG. 11] A perspective view depicting a state where the 
positive type photosensitive material formed with the liquid 
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flow path pattern is decomposed by the ionizing radiated rays . 
[FIG. 12] A schematic sectional view of the liquid discharge 
head including the discharge port, which is manufactured 
according to FIGS. 5 to 11. 

[FIG. 13] A perspective view showing an inkjet head unit. 
[FIG. 14] A diagram of a correlation between a wavelength and 
illuminance of a shorter wavelength ultraviolet rays (Deep 
UV) rays exposure apparatus. 

[Description of the Reference Numerals and Symbols] 

31 substrate 

32 positive resist layer 

33 negative type coating resin 

201 substrate 

202 liquid discharge energy generating element 
203bridge type positive resist layer 

2 07 liquid flow path structure material (negative type coating 
resin) 

208 ionizing radiated rays 

2091iquid discharge port 

210 ink supply port 

211ink flow path 

212 ink discharge element 

213ink tank 

214TAB film 

215electric connection lead 
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FIG. 1: 

A. .. reflection condenser, 

B. .. high-pressure mercury lamp, 

C. .. fly' s eye lens 

D. .. cold mirror, 

E. . screen of mercury lamp, 

F. .. condenser lens 

G. .. mask 

FIG. 3: 

A... absorption spectrum of P (MMA-MAA) 
FIG. 4: 

A. .. illuminance, 

B. .. negative type coating resin 1, 

C. .. negative type coating resin 2 

D. .. wavelength, 

E. .. exposure apparatuses A - D, 
FIG. 5: 

A. .. liquid discharge energy generating element, 

B. .. substrate, 

FIG. 6: 

A... bridge type positive resist layer, 
FIG. 7: 

A... ionizing radiated rays, 
FIG. 9: 

A. .. ionizing radiated rays (UV rays) 

B. .. liquid flow path structure material (negative type coating 
resin) , 

FIG. 10: 

A, ., discharge port, 

B. .. liquid flow path structure material (negative type coating 
resin) , 

FIG. 11: 

A. .. ionizing radiated rays, 

B. .. discharge port, 

C. liquid flow path structure material (negative type coating 
resin) , 

FIG. 12: 

A. .. discharge port, 

B. .. ink flow path, 

C. .. ink supply port, 
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FIG. 13: 

A. .. ink discharge element, 

B. .. ink discharge port, 

C. .. TAB film, 
E... ink tank 

FIG. 14: 

A. .. correlation between wavelength and illuminance exposure 
apparatus (Deep UV exposure apparatus) , 

B. .. illuminance, 

C. .. wavelength 
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